###### Article summary

Article focus
=============

-   We studied the prevalence of diabetes in a semirural town in the Democratic Republic of Congo. Such information is yet not available.

Key-messages
============

-   A crude and standardised prevalence of diabetes were 4.8 and 4.0% (Doll\'s population)---4.2% (UN population).

-   A rude prevalence of intermediate hyperglycaemia was 5.8% (WHO/IDF definition) and 14.2% (ADA definition).

-   Risk markers for diabetes were male gender, age, family history, waist and alcohol consumption.

Strengths and limitations
=========================

-   We had to cope with absence of census data and trained field workers.

-   We had to use (low-cost) capillary blood measures instead of venous samples processed in a laboratory and did not formally validate the test ourselves.

-   Large group of participants and high participation rate (87%).

Introduction {#s1}
============

Sub-Saharan Africa (SSA) has a disproportionate burden of both infectious and chronic diseases.[@R1] The epidemic of non-communicable diseases (NCDs) is rising. Diabetes, an important component of NCDs, has been proposed as a tracer of the other burgeoning chronic diseases because it is well defined, fairly easy to diagnose and common.[@R2]

The estimated worldwide prevalence of diabetes among adults was 285 million (6.4%) in 2010, and is predicted to rise to around 438 million (7.7%) by 2030.[@R3] [@R4] For SSA, the number is expected to rise with 98% from 12 million (3.8%) in 2010 to 24 million (4.7%) in 2030. Increase in the prevalence of diabetes is expected to be the largest in developing countries because of population ageing and urbanisation.[@R5]

Information on epidemiology of diabetes in SSA has increased of late, but is still limited.[@R1; @R2; @R3] [@R5] High-quality epidemiological studies are difficult to perform in SSA, as they are expensive and labour intensive and populations are often mobile and poorly enumerated.[@R6] International Diabetes Federation (IDF) estimates for many SSA countries are therefore based on extrapolations from distant and probably dissimilar countries and populations. This is also the case for the Democratic Republic of Congo (DRC), where current IDF estimates are derived from two studies in Tanzania, that were published in 1989 and 2000 and that used now-outdated diagnostic criteria.[@R3] [@R7] [@R8] IDF estimates of the national DRC diabetes prevalence of 2.6% in adults, and of 7.4% for impaired glucose tolerance (IGT) should therefore be interpreted with caution.

So far, data on diabetes prevalence in SSA according to current diagnostic criteria are scanty. Few studies have evaluated simultaneously the prevalence of diabetes mellitus and intermediate hyperglycaemia (IH),[@R5] [@R9] and no study has compared the current American Diabetes Association (ADA) and WHO/IDF criteria for impaired fasting glucose (IFG).

The aim of this study is to estimate prevalence rates of diabetes and IH and to determine their main risk markers in the semirural environment of Kisantu, Bas-Congo province, DRC.

Methods {#s2}
=======

A cross-sectional household survey was conducted in 2007. It was approved by the ethical committee of Kinshasa University (UNIKIN), and informed consent was obtained from all subjects. Design and methods have been described in detail in earlier studies.[@R10]

Location {#s2a}
--------

The study was carried out in the four health care areas of Kisantu, a town in Bas-Congo province with approximately 131 000 inhabitants.[@R11] The principal ethnic group is Bakongo (Bantu), mainly the Bantandu subgroup. Farming is the main economic activity.

Study population and sampling procedures {#s2b}
----------------------------------------

All Congolese people aged 20 or more and living in Kisantu were eligible. Pregnant women and people with serious psychiatric disorders were excluded. The sampling process was implemented in two steps: constitution of the sampling frame preceded actual sampling of subjects. The required sample size was calculated to be 2025 participants.[@R10] Census of inhabited compounds was performed. Sampling in each area was proportionate to its population.[@R11] Given the sampling frame in each area and the intended sample size, a systematic random sample of households was drawn. Sampling was carried out in four stages. All avenues were included, and a systematic (1/2 or 1/3) random sample of compounds was drawn. In each compound, one household was selected randomly. One eligible individual per household was randomly selected. Subjects were asked to come fasting the following morning to the study site. In case of no-show, the interviewer returned the following day. In case of refusal, another individual was selected. The study was preceded by an interviewer training, intensive awareness campaign, and a pilot test in the neighbouring city of Madimba, that was not included in the survey.

Study procedures {#s2c}
----------------

Five fixed sites were used for data collection. Subjects went through seven stations (registration, biochemistry, interview, anthropometry and monofilament visual acuity, blood pressure, intraocular pressure and retina results). Capillary glycaemia was measured on the first day in subjects having fasted for ⩾8 h with a Glucocard X-Meter (Menarini Diagnostics Benelux, Zaventem, Belgium), that produces a readout as plasma glucose. On the second day, 2 h postload (75 g glucose, oral glucose tolerance test (oGTT)) glycaemia was measured in subjects who had fasting plasma glucose (FPG) 100--125 mg/dl (5.6--6.9 mmol/l) on day 1, and a second FPG was obtained from subjects with FPG 126--199 mg/dl (7.0--11.1 mmol/l) on the first day.

In agreement with the WHO guidance, and addressing the everyday problems in the field, we used low-technology devices for measuring glycaemia. With the Glucocard X device,[@R12] there is no influence of haematocrite on glucose values within the normoglycaemia range, which is important in screening situations as during our study period. Testing showed that reproducibility is good; the device is robust, easy to use and without the need of extensive training.

Diagnostic criteria {#s2d}
-------------------

ADA 2003[@R13] and WHO/IDF 2006 criteria[@R14] were used to define new cases of diabetes: FPG ⩾7.0 mmol/l, which was confirmed by repeat testing unless unequivocal hyperglycaemia (FPG ⩾11.1 mmol/l) was present, or 2 h plasma glucose ⩾11.1 mmol/l during oGTT. IGT was defined as FPG\<7.0 mmol/l, and 2 h plasma glucose ⩾7.8 and \<11.1 mmol/l during oGTT. IFG was defined as FPG 6.1--6.9 mmol/l, and 2 h plasma glucose \<7.8 mmol/l during oGTT, or as subjects in whom a provisional diagnosis of diabetes based on an initial FPG 7.0--11.1 mmol/l was not confirmed on repeat testing (second FPG 6.1--6.9 mmol/l). ADA 2003 diagnostic criteria for IFG (FPG 5.6--6.9 mmol/l) were used in a secondary analysis. IH refers to subjects with IGT and/or IFG.

Hypertension was defined as an average of two blood-pressure measurements ⩾140/90 mm Hg,[@R10] obesity as body mass index (BMI) ⩾30 kg/m^2^ and abdominal obesity as waist circumference ⩾94 cm in men and ⩾80 cm in women.[@R15] Sedentary lifestyle was defined with respect to occupation.[@R10] Family history of diabetes mellitus was defined as diabetes in first-degree relatives. Alcohol consumption was classified as current consumption or not, marital status as cohabiting or living alone, ethnic origin as Bantandu, other Bakongo or others.

Analyses {#s2e}
--------

Non-responders and responders were compared, as were subjects with complete data and those who were invited but absent on the second day. Continuous data were expressed as averages±SD and categorised data as percentages with 95% CI. Comparisons were made with student t test, χ^2^ and analysis of variance. A test was considered significant when p\<0.05. Crude and age-standardised prevalence for subjects aged ⩾20 years were calculated using both the standard population of Doll *et al* and UN 2008 population database projections.[@R16] [@R17] Analyses were stratified by gender. SPSS V.16 was used. To study risk markers associated with diabetes and IH, backward stepwise multivariate logistic regression analyses were used. Family history of diabetes, age by group (\<50, 50--69 ⩾70 years), gender, marital status, ethnic origin, level of education, physical activity, alcohol consumption and either obesity or abdominal obesity, and all interactions with a family history were included in the initial model. Receiver-operating characteristic (ROC) analysis compared performance of BMI and waist size to predict diabetes risk.

Results {#s3}
=======

Study population {#s3a}
----------------

The sample consisted of 2025 selected subjects. The response rate was 93.7% (1898/2025). Complete data were available for 1759 subjects (86.9%), as two subjects were aged \<20 years, FPG was not available in 30 subjects on day one, and 107 did not repeat tests on day two ([figure 1](#BMJOPEN2012001911F1){ref-type="fig"}).

![Figure 1.](bmjopen2012001911F01){#BMJOPEN2012001911F1}

Characteristics of participants {#s3b}
-------------------------------

The average age of 1759 subjects with complete data was 51.5±16.4 years, and 960 (54.6%) were aged \>50 years. Women represented 64.1% (n=1128; p\<0.001) of subjects. Mean BMI and waist circumference were 21.7±4.6 kg/m² and 79.1±12.7 cm, respectively. Both BMI and waist size were higher in women (p\<0.001 for both [table 1](#BMJOPEN2012001911TB1){ref-type="table"}). Obesity was found in 6.4%, and more prevalent in women (8.6% vs 2.6%). Among subjects with BMI\<25 kg/m², 2.9% of men and 27.0% of women had abdominal obesity. Hypertension prevalence was 9.8%.

###### 

Clinical characteristics and crude prevalence of diabetes, intermediate hyperglycaemia or normoglycaemia according to WHO/IDF 2006 criteria[@R13] or ADA 2003 criteria[@R12] of 1759 adults in Kisantu, DRCongo.

                                                 WHO/ADA      ADA                                                                                  
  --------------------------------- ------------ ------------ ------------ ------------ ------- ------------ ------------ ------------ -------- -- --
  *N*                               1759         85           102          1572                 85           250          1424                     
  Prevalence                                     4.8%         5.8%         89.4%                4.8%         14.2%        81.0%                    
  95% CI                                         3.8--5.9     4.8--7.0     87.9--90.8           3.8--5.9     12.6--15.8   79.1--82.8               
   Men (*n*=631)                                 5.5%         4.6%         89.9%                5.5%         12.0%        82.4%                    
   Women (*n*=1128)                              4.4%         6.5%         89.1%                4.4%         15.4%        80.2%                    
  Age (years)                                                                                                                                      
   Men                              53.0±17.0    56.6±15.2    56.0±15.9    52.6±17.2    0.26    56.6±15.2    52.5±15.7    52.9±17.3    0.40        
   Women                            50.7±16.0    55.2±15.2    50.0±16.3    50.5±16.0    0.13    55.2±15.2    50.9±14.9    50.4±16.2    0.12        
  BMI (kg/m^2^)                                                                                                                                    
   Men                              20.6±3.5     21.7±4.7     21.5±4.4     20.5±3.4     0.06    21.7±4.6     21.6±4.2     20.4±3.3     0.03        
   Women                            22.3±4.9     24.8±5.7     23.1±5.6     22.1±4.8     0.001   24.7±5.7     22.8±5.3     22.1±4.8     0.001       
  Waist (cm)                                                                                                                                       
   Men                              77.5±11.0    84.4±14.2    80.5±13.5    76.9±10.5    0.001   84.4±14.3    80.7±13.3    76.5±0.1     0.001       
   Women                            80.1±13.5    88.5±13.7    81.4±13.2    79.5±13.3    0.001   88.5±13.8    80.5±13.0    79.5±13.4    0.0001      
  Blood pressure (mm Hg) Systolic                                                                                                                  
   Men                              124.4±24.1   131.9±25.0   130.5±19.0   123.6±21.3   0.03    131.9±24.6   125.2±18.9   123.8±21.6   0.09        
   Women                            119.2±22.3   133.1±28.4   126.2±21.2   120.1±21.0   0.001   133.9±30.9   124.4±22.9   117.4±21.2   0.001       
  Diastolic                                                                                                                                        
   Men                              76.9±12.4    81.2±12.7    80.7±12.3    76.4±12.3    0.02    81.2±12.7    77.1±13.0    76.5±12.3    0.09        
   Women                            73.9±12.4    80.7±13.3    77.9±12.6    74.5±12.3    0.001   80.4±13.8    75.9±12.1    73.2±12.2    0.001       
  Glycaemia (mmol/l)                                                                                                                               
   Men                              5.4±2.5      12.6±7.2     6.4±0.6      4.9±0.5      0.001   12.6±7.2     6.0±0.5      4.8±0.5      0.001       
   Women                            5.2±1.5      9.9±4.6      6.5±0.4      5.0±0.5      0.001   9.9±4.6      6.1±0.5      4.8±0.5      0.001       
                                                                                                                                                   

ADA, American Diabetes Association; BMI, body mass index; IDF, International Diabetes Federation.

\*p Values relate to the degree of significance when comparing the means between diabetes, IH and normal and are based on the analysis of variance.

Most participants (n=1078; 61.3%) were of Bantandu ethnicity, and 82.3% had a secondary education level (n=1448). Many participants were farmers or animal breeders (49.1%; n=864), yet only 31.4% (n=553) walked ⩾1 h every day.

Incomplete censuses and the absence of key demographic data in the Kisantu area have precluded comparison of study participant characteristics with those in the general population.

Characteristics of non-responders and second-day absentees {#s3c}
----------------------------------------------------------

Non-responders (n=107) were younger than responders (39.6±12.0 vs 51.5±16.4 years; p\<0.001), and were more frequently male (53.2 vs 35.9%; p\<0.001). Age, gender, BMI, waist size and systolic and diastolic blood pressures were not significantly different in second-day absentees and in participants with complete data. The first-day FPG, as expected, was significantly higher in second-day absentees (6.1±0.5 vs 5.3±1.9 mmol/l; p\<0.05).

Prevalence of diabetes mellitus {#s3d}
-------------------------------

Crude prevalence of diabetes mellitus was 4.8% (95% CI 3.9% to 5.9%; n=85) ([table 1](#BMJOPEN2012001911TB1){ref-type="table"}): men 5.5% (95% CI 3.9% to 7.6%) and women 4.4% (95% CI 3.3% to 5.8%). Standardised prevalence was 4.2% and 4.0% according to Doll *et al* and UN world population prospects, respectively.

People with previously diagnosed diabetes represented 3.4% (n=59) of all subjects, and 69.4% of diabetes cases. Use of oGTT added only a single case of newly diagnosed diabetes. All other newly diagnosed cases were, therefore, detected using FPG. The highest diabetes prevalence was observed in the 50--69 age group (n=49).

Prevalence of intermediate hyperglycaemia {#s3e}
-----------------------------------------

According to WHO/IDF criteria, crude prevalence of IFG, IGT and IH was 4.7% (n=82), 1.1% (n=20) and 5.8% (95% CI 4.8% to 7.0%; n=102), respectively. IH was observed in 4.6% of men and 6.5% of women ([table 1](#BMJOPEN2012001911TB1){ref-type="table"}). IH was frequently observed in younger age groups: n=40 (6.4%) in age group 30--49 vs n=33 (4.6%) in age group 50--69.

According to ADA 2003 criteria, IH prevalence was 14.2% (95% CI 12.6% to 15.8%; n=250): men 12.0%and women 15.4%. IFG was present in 12.6% (n=221) of subjects, and IGT in 1.6% (n=29).

Standardised IH prevalence according to Doll *et al* was 5.5% (WHO/IDF criteria) and 13.8% (ADA criteria). According to UN world population prospects, it was 5.7% (WHO/IDF) (men 3.9%, women 6.6%) and 13.7% (ADA) (men 12.6%, women 15.4%).

Prevalence of disorders of glycaemia {#s3f}
------------------------------------

According to WHO/IDF criteria 10.6% (95% CI 9.2% to 12.1%) of study participants had a disorder of glycaemia, that is, diabetes plus IH (men 10.1%; women 10.8%). Based on ADA criteria, disorders of glycaemia were observed in 19% of subjects (95% CI 17.2% to 20.9%; men 17.5% and women 19.8%). The proportion of disorders of glycaemia made up by IH was 54.7% and 74.7% according to WDF/IDF and ADA criteria, respectively.

A bivariate analysis of risk markers {#s3g}
------------------------------------

Age was not significantly different in subjects with diabetes, IH or normoglycaemia. Increasing degrees of glucose intolerance were associated with higher BMI values in both sexes, although average BMI values were within the normal range in all categories. Higher waist circumferences were observed in both sexes in subjects with diabetes and IH. Similarly, systolic and diastolic blood pressures were found to be increased in subjects with IH or diabetes ([table 1](#BMJOPEN2012001911TB1){ref-type="table"}).

The current alcohol use was less prevalent in subjects with diabetes or IH compared to normoglycaemic people (p\<0.05). Family history of diabetes (%) was higher in people with diabetes (36.5%) than in IH (12.7%) and normoglycaemics (8.2%, p\<0.001). No statistical differences were observed between the three groups in terms of marital status, ethnicity and level of education or occupation.

Multivariate analyses of risk markers {#s3h}
-------------------------------------

Independent risk markers for diabetes were male (OR 2.5; 95% CI 1.4% to 4.2%), age 50--69 years (OR 2.6; 95% CI 1.5% to 4.3%), family history of diabetes (OR 3.5; 95% CI 1.8% to 6.8%) and waist circumference (OR 4.1; 95% CI 2.5 %to 6.8%). If family history was negative, alcohol consumption was protective (OR 0.4; 95% CI 0.2v to 0.7%). If family history was positive, alcohol consumption was a risk marker (OR=3.8; 95% CI 1.4% to 10.7%). P for interaction: 0.01.

A similar model that compared IH according to WHO/IDF criteria with normal people resulted in only one risk marker: obesity (OR 2.6; 95% CI 1.4% to 4.6%). IH defined according to ADA was associated with waist circumference (OR 1,4; 95% CI 1.1% to 1.9%) and primary education level (OR 1.6; 95% CI 1.1% to 2.6%). Moderate physical activity was protective. BMI predicted IH (OR 0.7; 95% CI 0.5% to 0.9%), when it replaced waist circumference in the model.

An ROC analysis {#s3i}
---------------

Upon an ROC analysis, waist circumference (AUC 0.68; 95% CI 0.62% to 0.74%) predicted diabetes slightly better than BMI (AUC 0.61; 95% CI 0.54% to 0.68%). The difference in AUC was 0.08; 95% CI 0.03% to 0.11%.

Discussion {#s4}
==========

This analytical cross-sectional survey with a participation rate of 87% proves that prevalence studies on NCDs are feasible, even in a Central African country which is one of the poorest countries in the world.

Crude prevalence of diabetes in adults in this study (4.8%) is higher than 2009 IDF estimates for DRC (2.6% for crude national prevalence; 3.2% prevalence adjusted to world population), and already exceeds 2030 IDF projections (3.2--4.4%).[@R3] [@R4] The present data from DRC are, however, largely in line with recent results from other countries in the region[@R3] [@R9] [@R18] and from the Kivu region.[@R19] The standardised prevalence in our study is slightly lower than the crude prevalence (4.0--4.2% vs 4.8%). Other countries in SSA show similar results.[@R3]

The crude prevalence of the present survey may have been influenced by the structure of the study sample that contained relatively few individuals aged \<50 years in whom diabetes tends to be less prevalent. In the present study, people aged \<20 years have been excluded, meaning that our population structure was truncated. The under-representation of young adult men in our study is not unique in SSA: women represented 52, 58, 62 and even 79% of study participants in previous studies.[@R20; @R21; @R22] This may, in part, be due to young men migrating to larger cities or mining areas for economic reasons. As agricultural activities are the main occupation of the Kisantu population, some men may also have preferred to go out to work in the fields. As young men tend to be less obese, this under-representation may influence the crude, but not the standardised, prevalence rate of diabetes and IH.

Contrary to most other studies in SSA, newly detected diabetes was low (31%) in our study. Except in urban South Africa and in one study in rural Sudan, fewer than 50% of participants in previous surveys knew they had diabetes.[@R5] This may reflect effects of repeated diabetes awareness campaigns and level of diabetes care in Kisantu.

Crude prevalence of IH in the present survey (5.8 and 14.2% according to WHO/IDF and ADA criteria, respectively) reflects mainly the proportion of subjects with IFG. The lower glucose threshold used by ADA almost triples IFG prevalence compared to WHO/IDF criteria, as was previously observed in surveys in Denmark, India and the USA.[@R14] As a consequence, disorders of glycaemia, that is, diabetes plus IH, according to ADA criteria are observed in 19.0% of the semirural adult population of Kisantu. Together with the high proportion of disorders of glycaemia made up by IH (54.7 and 74.7% according to WHO/IDF and ADA, respectively), these data suggest the early stages of a diabetes epidemic in DRC, probably more in urban than in rural communities.[@R19] It is noteworthy that these observations are made in people with normal average BMI values, according to Caucasian criteria, a finding that also has been reported elsewhere in SSA.[@R19]

A cross-sectional study can only prove an association between risk markers and disease, not a cause-and-effect relationship. However, combining statistical association and clinical reasoning may provide an indication of such an effect, even in the absence of a longitudinal study. Here, we use the term risk marker for a variable with both a significant independent association with diabetes and a clinical suggestion about the direction of this association. Independent risk markers for diabetes observed in this survey are similar to those identified elsewhere in SSA: male gender, age 50--59 years, family history and waist circumference. BMI and waist circumference were risk markers for IH, while moderate physical activity level was a protective factor. The latter observation supports the conclusions of a recent study in Cameroon[@R23]: modest population-based changes in physical activity may have significant benefits in terms of reducing the emerging burden of metabolic diseases.

We identified a percentage of known diabetes which is higher than that found elsewhere.[@R24] This may result from a well-organised diabetes programme including awareness campaigns in the past. Of course, this does not influence the prevalence rates we report.

Main challenges for this study were the absence of reliable census data and trained field workers, the difficulty of motivating the population, and performing biochemical tests using low-cost, robust and simple technology. As in similar situations elsewhere, we had to rely on cluster sampling.[@R25] [@R26] Basic principles of the WHO STEPwise method were followed,[@R25] but we added repeat FPG testing or 2 h postload glucose in prespecified subgroups. This is consistent with WHO/IDF and ADA recommendations to enhance chances of detecting diabetes cases and differentiate between IFG and IGT.[@R13; @R14] [@R27] As 2 h postload glucose was carried out in only a subset of participants, the prevalence of diabetes and IGT may have been underestimated. However, most characteristics are perfectly comparable between attenders and non-attenders, but non-attenders tended to be younger---and therefore related to even less diabetes risk compared to attenders---and mostly males, unable to attend because they were working in the fields or far from their home town---and therefore unlikely to have an undetected diabetes. If none of the non-attenders would have diabetes, the prevalence would decrease from 4.8 to 4.6%, what in our view has little relevance. We therefore have no reason to expect any important difference between diabetes prevalence in second-day attenders and non-attenders.

Capillary blood glucose was measured because it is easier and less expensive than venous tests. Also, WHO and IDF recognise in under-resourced countries the difficulty of carrying out biochemical tests, unless a low-cost technology is used.[@R14] [@R25] [@R28]

We did not perform a validation study of these tests ourselves. However, according to a recent WHO/IDF report,[@R14] fasting values of both methods are identical. Only postprandial values may differ (recommendation 5). With this device, there is no influence of haematocrite on glucose values within the normoglycaemic range, which is important in screening situations as carried out during our study.[@R29] The Glucocard X reports plasma glucose values. Testing showed that reproducibility is good; the device is robust; easy to use and without a need of extensive training.[@R12] Additionally, according to the above mentioned WHO/IDF report, separation of plasma within minutes after sampling is required for obtaining correct values when sampling venous blood. Even sampling in a container with NaF is not sufficient. Systematic separation would be totally impossible in rural RDC.

We have little information about the characteristics of the non-responders. Another weakness is that we were unable to compare our study sample with the general population owing to the lack of an official population census map.

Strengths of our study are the large number of study participants and the high participation rate. This was obtained through visiting non-responders at home after each day of the survey,[@R10] a high level of awareness and strong involvement of community members (health zone, local leaders and churches).

The high prevalence of diabetes mellitus in this rural town, and the even higher prevalence of IDF suggest a large burden of the disease in the region, and let us expect even larger numbers in the future. This indicates a real challenge for the Congolese National diabetes plan.
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